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Abstract 

We present a new GA/FDTD optimisation technique and its application in the design 
of single and multi-band artificial magnetic conducting (AMC) surfaces. The technique 
is a combination of a Genetic Algorithm (GA) and the Finite-Difference Time-Domain 
(FDTD) method. For the efficiency purpose, a micro-genetic algorithm (MGA) is 
applied to optimize the geometry of an AMC unit cell, and the fitness functions are 
evaluated by the FDTD method. The effectiveness of the algorithm is demonstrated by 
designing two AMC surfaces: a single-band AMC at 5.5 GHz and a dual-band AMC at 
5.5 GHz and 12.0 GHz. 

Introduction 

Metamaterials have been widely explored in recent years. They exhibit unique 
electromagnetic features that cannot be achieved from ordinary materials in nature, 
such as in-phase reflection of electromagnetic waves, negative effective dielectric 
permittivity and permeability, etc.. Metamaterials are normally composed of periodic 
structures. Due to the computational complexity, the analysis and design of antennas 
and microwave components based on metamaterials pose a significant challenge to the 
electromagnetic society.  

Genetic algorithms (GAs) [1] fall under a special category of optimisation schemes 
that are robust and stochastic. Based on the principle of natural selection, they are 
particularly effective in searching for global maxima in a multidimensional and 
multimodal functional domain. For electromagnetic problems, GAs have been 
successfully applied to the design of broadband or multi-band antennas [1], and 
artificial magnetic conductor (AMC) surfaces [2]. 

In this paper, we combine a GA with the FDTD method to design AMC surfaces. In 
the past GAs have been applied to the design of metamaterials by combining with the 
method of moments (MoM) [2]. However, due to the complexity of the MoM, this 
combination is desirable only for planar structures, which include uniplanar compact 
photonic-bandgap (UC-PBG) structures and their derivatives. Recently, we have 
successfully implemented the FDTD code to characterize the periodic metamaterials 
[3-4], and calculated dispersion diagrams and reflection phase of them. With the 
application of the FDTD method, many other configurations of metamaterials such as 
mushroom-like structures can be designed and optimized. Furthermore, since the 
FDTD is a time-domain method, one can predict multiple frequency performance of 
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the optimized structure in a single run. This is especially efficient for broadband or 
multi-band applications when combined with the GA.   

GA/FDTD Technique 

In this section, the GA/FDTD technique for the design of metamaterials is described. 
Since the metamaterial structures are generally periodic structures, their 
characterization can be simplified to the analysis of a single unit cell. For this purpose, 
periodic boundary conditions (PBCs) are applied to the boundaries of the unit cell, and 
a well-known FDTD absorbing boundary condition, the uniaxial perfect matching layer 
(UPML), is applied to the top surface (and the bottom surface if needed) of the cell. In 
addition, in order to characterize the periodic structure for any lattice wave vector (kx, 
ky), the spectral FDTD method proposed in [5] is employed to calculate the dispersion 
diagram of EBG structures. For the calculation of the reflection phase of a 
metamaterial surface with a normal incident wave, the spectral FDTD method is 
applied with kx=0 and ky=0. 

The design of electromagnetic structure can be changed into an optimization problem 
in practice. The GA is able to determine the global maximum or minimum, and hence 
can be applied to solve electromagnetic optimization problems. When applying a GA 
to optimize periodic metamaterials, the optimization parameters will be encoded in a 
binary string to form a chromosome. After the normal GA processes, i.e. selection, 
crossover, mutation, etc., a new chromosome will be first decoded to create the new 
structure of the unit cell of the metamaterial, and then the unit cell will be analyzed by 
the FDTD method for the calculation of the fitness function. The GA procedure will be 
iterated until the optimization goal is achieved or the maximum number of the 
population is reached. 

In order to improve the efficiency of the GA/FDTD method, a micro-genetic algorithm 
(MGA) is employed. In the MGA, a simple MGA process to create the new generation 
is performed. The selection scheme is a tournament selection with a shuffling 
technique for choosing random pairs for mating. The uniform crossover with a 
crossover probability of 0.5 is used and no mutation process is applied in the MGA. 
For applications in this paper, the maximum number of generations required by the 
MGA is 300, the maximum population size is 5, the maximum number of bits of 
chromosomes is 256, and the maximum number of optimization parameters is 20. 

AMC Surface Design Examples 

The MGA/FDTD design technique described in the previous section has been applied 
to design single-band and dual-band AMC surfaces consisting of a grounded frequency 
selective surface (FSS) structure. The single-band AMC surface consists of a single-
layer FSS structure with a thickness of 3.2 mm and a permittivity of 2.2. The area of 
the FSS unit cell is 6.6×6.6 mm2. The FDTD grid of the unit cell is 32×32×50. 3000 
FDTD time steps are used in the optimisation for the calculation of the reflection 
phase. In this case, the only optimisation parameter is the metallic pattern of the FSS, 
and the total length of the chromosome is 36 bits. The optimization goal is that the 
reflection phase in the frequency band of 4.5 - 5.5 GHz is within (-90°, 90°). An 
acceptable result was obtained in the 5th generation of the MGA/FDTD optimisation. 
The geometries of the optimized unit cell and the AMC surface are plotted in Fig. 1. 
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The reflection phase, re-calculated using FDTD with 30000 time steps, is also plotted 
in Fig. 1. The in-phase (-90° to +90°) frequency range is 4.48 – 5.76 GHz, and the 
bandwidth is 25.6% at 5 GHz. Although this is not the optimal result of the 
optimisation, it can be seen that the result already fulfils the requirements, and hence is 
acceptable. This example demonstrates that the MGA/FDTD approach can be 
successfully applied to design practical AMC surfaces. 

Next, we designed a dual-band AMC surface to achieve in-phase reflection in two 
frequency bands of 5.0 – 6.0 GHz and 11.5 – 12.5 GHz. The AMC surface is again 
composed of a single layer grounded FSS structure with a thickness of 3.2 mm and a 
dielectric constant of 2.2. The size of the unit cell is 6.6×6.6 mm2. We calculate the 
fitness function at the four band edges, i.e. 5.0 GHz, 6.0 GHz, 11.5 GHz and 12.5 
GHz.. The only optimisation parameter is the FSS metallic pattern, and the time steps 
and FDTD discretization are same as in the previous optimisation. Through the 
MGA/FDTD optimisation, we obtain the first acceptable design in the 87th generation, 
and we choose the result of the 300th generation as our final design, because of its 
broader in-phase bandwidth. The reflection phases at the four frequency points are 
69.9° at 5.0 GHz, -86.57° at 6.0 GHz, 44.96° at 11.5 GHz and –62.22° at 12.5 GHz. 
The two in-phase (-90° to +90°) frequency bands are 4.8 – 6.03 GHz and 10.98 – 12.9 
GHz. The geometries of the final unit cell and the AMC surface, as well as the 
reflection phase, are shown in Fig. 2. The reflection phase shown here is obtained from 
a more accurate FDTD analysis with 30000 time steps. 

Conclusion 

In this paper, the spectral FDTD technique is integrated with a genetic algorithm to 
develop an effective technique for the design and optimisation of periodic metamaterial 
structures. With the use of the micro-genetic algorithm, near-optimal results can be 
achieved with less population, and hence the optimization time is significantly reduced. 
Further improvement in efficiency has been gained by considering the symmetry of the 
unit cell to reduce the length of the chromosome. 

The new, powerful and efficient MGA/FDTD technique is validated by successfully 
designing two AMC surfaces consisting of grounded FSS structures, one for single-
band application and the other for dual-band application. From the design point of 
view, the GA optimization can be stopped when an acceptable result is reached, even 
though the result may not be optimal. 
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Fig. 1 Geometry of the unit cell and a 3×3 cell surface of the designed single-

band AMC surface, and its reflection phase 

 
Fig. 2 Geometry of the unit cell and a 3×3 cell surface of the designed dual-

band AMC surface, and its reflection phase 
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